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1.0 INTRODUCTION AND SUMMARY 

. . 

In accordance with a Bellcomm Incorporated request,  Space Technology 

Laboratorieti, Inc. is submitting under separate document the midcourse 

sensitivities and guidance analysis coefficients for  the LOR RTDP Issue 2 

trajectory.  

Section 2 of this document contains the necessary  definitions and equations 

to fully explain the numerical  data which is presented in Section 3. F o r  the 

translunar trajectory,  the midcourse Sensitivities have been computed for the 

distance of closest  approach, the inclination of the incoming hyperbola, and 

t ime of flight. 

t ra jectory a r e  the time of flight and the "parameter  of the orbit" resolved in 

the STR system. 

Section 2. 

The parameters  which a r e  used for  the t ransear th  phase of the 

The complete description of this sytem has been included in  

In addition to the numerical data which is presented in mat r ix  form,  the 

sensitivity coefficients have been plotted and a r e  presented in Figures  3. 1-1 

to 3.1-18. 

flight for the reference trajectory of. Issue 2. 

These data respresent  the first 18 hours of translunar and t ransear th  

2 .0  DEFINITIONS AND EQUATIONS 

General De scription 

The assumption which is generally made is that the dependence of the three 
.- > c3 

dimensional miss vector,. A M ,  upon the midcourse velocity, A V ,  can be 

approximated by a l inear relation, 

F o r  the purpose of guidance analysis, i t  is assumed that the dependence of 
the miss vector upon the injection e r r o r  vector,  6Xo, can a l so  be approximated 

--b 

b y  a l inear relation, 
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Both of the above ab'sumptions invoke f irs t  order perturbation theory. 

The miss vector has components, dlr,, AI, ,  dP3; the midcourse velocity 

vector cotnponents are A?,, Ai,, d 2 
components of position and velocitv as follows 

and the injection error  vector has m 

b I 

0 
6 2  

6x 
6 X  = 

0 

0 

yo 

0 
6 2  

Midcourse Sensitivity Coefficients 

The K matrix is the matrix of midcourse sensitivities and is defined as 
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where xm, y,, z m p  Gm,  i,, k 
midcourse t ime, tm. 
is performed a r e  3, p2 and 4,. p i  can be any parameter  such a s  B *  T, l3- R,  
inclination of the target centered orbit, impact velocity, time of flight, distance 

of closest  approach and so forth. 

calcnlations a r e  those which relate the impact parameter  and t ime of flight to 

midcourse velocity correction. 

a r e  the position and velocity a t  the specific ni 
The desired terminal parameters  for  which the midcourse 

T h e  parameters  usually used for  midcourse 

In this case then, 

and 

The choice of the parameters  to be used is, to a large extent, dictated by 
the l inearity assumptions previously mentioned. 

The K matr ix  is the right hand 3 x 3 matr ix  of the K matrix,  and ibused  
V 

to establish the required midcourse correction a s  well a s  the cri t ical  plane 

correction. 

The crit ical  plane is defined a s  

M 1  x G2 

-4 4 

where M and M a r e  gradient vectors in velocity space, thus 1 2 

and 
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Tlic normal  to the cri t ical  plane is then 

and the components ol midcourse velocity in the cri t ical  plane a r e  obtained ae  

--I 4 A; = A$ - (AV- N) N 
c 

Guidance A n a l y s i s  Coefficients 

T h e G  matr ix  is the matrix of guidance analysis coefficients. This matr ix  
re la tes  injection e r r o r s  to midcourse velocity corrections required by a specific 

guidance logic. 

G matr ix  which is 

This is made apparent by the mathematical definition of the 

The elements of this matrix consist of the following partials 

a i  
a z  

m - m a i  - m a i  
Ill 

a k  - - m 
a i  - m a z  - 

0 
a Z  a x  

0 a Y O  0 0 
a x  
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A similar  matr ix  is  a lso obtained i f  only the cr i t ical  plane midcourse 

corrections a r e  considered. This G matr ix  is denoted a s  miss only. 

The Impact Pa rame te r  

The impact parameter,  B, is defined a s  a vector directed f r o m  the 

center of the moon and perpendicular to the incoming asymptote of the ap- 

proach hyperbola. Thus, the impact parameter B is obtained vectorially 

a s  

or  

-b + 
where h is the angular momentum vector of the hyperbola. V is the hy- 

perbolic excess velocity vector, R is the radius vector and V i s  the iner -  

t ial  velocity vector. 

-* -@J 

An orbit plane diagram shows the relations. 

Title 
law.  
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Unclassified 
Tlic SI'R conrdinnto R y n l c m  for the lunar trxjectorien i n  def ined a a  follown, 

c T i R  a tinit vpctor lying in tlrc orldtal plane of the nioon and j f l  perpendicular to 

the itnit vector S,  

the incoming nsymptoto. 

to tlia S vector.  

The conrpoiionts of tlic S vector arc the tliroction coeinea of 

Clearly then, the irripact pnrntnctcr,  n ,  ie  perpendicular 
The unit vcctor R completer+ :in orLhoRona1 Rystam as 

R E S  x T .  

The following figure ehowe these vector0 

<_ I 

/J D '& - 
ORnIT PLANE 
OF MOON / 
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W is  a unit vector normal to the moon's orbit  plane; thus i ts  components 

a r e  the direction cosines of the moon's orbital  angular momentum. 

vector T i s  then defined as 

The unit 

s x w  
IS x W I  

T =  

In the STR system the irnpact parameter  is resolved into two miss  

components which a r c  B T and B R. 

The Pa rame te r  of the Orbi t  

An STR coordinate system has also been defined for the t ransear th  t r a -  

jector ies .  In this  system the unit vector W coincides with the ear th ' s  axis 

of rotation. 

ear th ,  the "parameter of the orbit", p, i s  used instead of the impact param-  

Since the return trajectories a r e  elliptical with respect  to the 

e t e r .  The components of the S vector, in this case ,  a r e  the direction cosines 

of perigee. The unit vector T is defined a s  

T = S x W  

and the unit vector R completes the orthogonal system. The "parameter of 

the orbit" is defined a s  a vector directed from the central  body and perpen- 

dicular to the direction of perifocus. The direction cosines of the "p" vector 

a r e  

and i ts  magnitude is given a s  

where q is the distance of closest approach and e i s  the eccentricity of 

the conic section. 

components which a r e  P T and P R. 

The "parameter of the orbit" is resolved into two mis s  

unclassified 



C X X ?  
r 

Unclassified 

Unclassified 



c 

Unclassified 

.- 

'I 
I 

i 
I 
i 

I 

1 
I, 

il 

U 

0 

LI 

z 
Y 
+ 
0 
I 
f- 
9 
m 
9 
b 
f- 
m 
\+ 

I 

Y 

0 

a 

i '  

e 
U. 
U. 
W 
0 
V 

3, 
L 

vl 
2. 
J 
4 z a 
w 
V 
2 
4 

3 
0 

2 

b Q 0  
0 0 0  

I 

000 

I 

m 
0 

m 
0' 
VI 
\+ 
d 
.t 
m * 
I 

m 
0 

* 
9 m 
0 
3 U  

m 
6 
VI 

I 

. 

m 
0 

m 
r- 
13 
N 
N 

r- 
d 

m 

. 
I 

0 
0 

* n 
0 
9 
Q 
\t 
ry 
m 

0 
0 

Q * 
0) 
ln 
0 
N 
N 
-4 

I 

m o m  
0 0 0 ,  

?o 
0 
I 
9 
D 

6 
Q 
.t m 
4 

e 

l- 
0 
I 
0 
In 
9 
9 
0 
6 
0 
ry 

I 
. 

X 
w 
n 

Page 8 



Unclassified 
l m ! H = m m x x  

I 

m 4 - 6  
000 

8408-6027 -RC+000 
Page 9 

1 '  

O d O  
000 

0 n'o 
0 0 B 

m 
0 

0 
0 
0 
0 
0 
0 
.t 
cv * 
c 
N 
4 
I- 
v) 
I 

W 
h 
u 
c 

V 
w 
m 

.t 

2 

t 
m 
m 

-. 

IY 
I 
0 
d 

* 
& 
a 
2 
i.: 
4 
7 

Q 
N 

N 

W 
I 
c 
I 

O d d  
000 

0 
0 

N m 
OI 
N 
9 
4- 
m 
.t 

c 

m m . t  
000 

1 

c 

. a -  



Unclassified 

8408-6027 - R q - O O O  
Page 10 I I 

I 
! 

1 I 

~ 

0 4 0  
000 

........ ,! 

' !  I 

400 
0 0 0  

C n 4 - m  
0 0 0  I I 

m 
0 

0 
0 
0 
0 
0 
0 
0 
m 

I- 

U 
c 
v) 
I u 
2: 

I- 
... 
V u 
Y, 

*. 

' -.roo 
000 

a m m  
0 0 0  

m l t m  
1 1 ' 1  
000 

m d m  
r n m N  
N .f (h 

dd.4 

I 
000 

I 
m m r t  

a 

c 



b 

I 

I 
I 

i 
I/ 

I 

i 
I 
I 

1 
I 

I 

/I 
II 

m 
0 

0 
0 
0 
0 
0 
0 
d 
m 

c 
rr a 
L 
v) 

I 
w 
x 
n 
c 

V 
Lu 
v) 

* 

z 
t 
n 

m 
m 

cz 
I 
N 
4 

2. 
a' 
a 

a 
3 z 

7 

aD 
N 

4 

w z: 
c 
.4 

040 
000 

400 
000 

, 

Unclassified 

1 8408- 6027 LRC-000 
Page 11 
,. . . .  

,i  
I i I , '  1 
I I 



' 8408-6027dRC-000 
1 Page 12 

I 

. * *  ' 
I 

I 
j 

4 o ' a  I 
0 0 0  

I 
0 0 O( 

II 
-1 

I I , 



U ncIassif ied 
8408-6027-RC-000 

Page 13 , I  

, 

A + N  . . .  c 
. . I  

I 

- 4 N D  
0 c.3 0 

I 

I 



c 

. 



I 8498- 6027 -RIG - 000 
I 
I, 

Page 15 
, - .  ,... 

I 

I 

I I 

I 

I 
I 

I 1 

I I 

I 

, 4.40 
0 010 

914 0 
c a m l n  
0 0 o m d a  > n , n  n 
o o m  
N o m  
Q P - 4  

I ,  
I ;  4 

a i m  m 
000 

i I 

~ 

I 

Y Z h l  
> > >  
T b P  

I I 

~ I I 
i 

: : ' , ,  I 1 



. . .  

Unclassified 
I 
I 1 8408-6027-RC-000 

Page 16 

I I l l  c3 

hl U,U 

I 1 1 1  
000 

, 

I I 
I 

u nclassiiied 



8408-6027-RC-000 
Page 17 I 

-t 
0 

0 
0 
0 
0 
0 
a 
0 
H 

0 

+- 
Y 
U 

ul 
I 

Lu r 

L 

- 
L 

W 
w 
lA 

* 

P 

r 
m 
m 

I 

UI r 

> 
cy 
a 
I) z a 
7 

0. cu 

0 
4 

IU 
L 
c. 
c 

, 
I 

i I 

I 
I 

I 

I 

~ m m  
0 0 0  v) 

v) 

r 
I 
I 

1 

. 
II 
U 
w 
3 
W 

ul 

VI 
t 
J 

+. 

4 
a 1.- 

w 
U 
L 
a 
0 

2 
3 

w 

1 

4 

0 
I 
4 
m 
Q 
9 
IC 
N 
T 
7l . 
I 

' I  

i CJ N C 
0 0 0  0 0 0  

I l l  
n .* u 
E O P  
N J N  

or-9-4 
X ' a -  co 

rn .a 4 
IC .t In 
N4. j  . . .  
I 1  I ' " 

I, 

! il',, ' ~ ' ,  
. .  . . /  

I 
I '  
I:' , ' !  
! 

Unc\assif ied 



unclassified 

- 



v) 
c z 
W 
L 
0 
?. 
L 
U 
V 

wl 
v) 
I 

a- 

u. 
u. 
UJ 
0 
V 

v) 

v) 
> 
A 
4 
Z 
4 

U 

1 I 
I 

Page I 8  
- O Rl -000 



Page 19 
0 0 0' 
c o o  I 

m 
0 

0 
0 
0 
0 
0 
0 
e 
N 
I 

c 
a 
Q 
c 
v) 

1 
W 
E 
w 
c 

V 
Lu 
m 

0, 
m 

z 
E 

9 

w 

d 

K 
I 
N 
N 

> e 
4 
2 z a 
7 

d 
m 

N 

UJ r 
w 
I- 

*In . .  u r m a ,  
I * I  

I' 0 d l 0  
0 0,o 

* m o  
N M  
f -4  

0 .  

'2. ' W  
J 0 
U I V  m m m  

IU 
VI 

I I , '  
I 

004 ' 
000 

Unc'lassif ied 



m 
0 

0 
0 
0 
0 
0 
0 
0 
m 

0 

c 
a 
4 
c 
v) 
I 

UJ 
L 
c 
CI 

V 
Lu 
v) 

e 
m 

X 
n 
L 
9 
4 

m 

L 

m m ' m  I 

c 
0 
0 
N 

L 

N 

X 

Unclassified 

-602 

Page 

unclassified 



8fjO 8 - 60 27 - RC - 00 0 /I 
Page 21 

I 

I 
I 

I 
0001 000 
000 I 0 010 

I 
I '  

I 

In .t'9 
0 VI 6 ' 4 3  

- v I. 

I - L n C c a J  ' -  
o v u l 9  I 

O C Q l n ~  , 
x m m m  

I O ,  I 1 m m m :  w m m m  
I '000 3 000 I 

I 

O d d  
000 

1 

. . .  
I l l  

X > Y  
' > > >  

Z : T E  
I 

1 '  
I 



Unclassified 

~ 8408-6027-RC-000 
I ' I  I 

Page 22 
I I 

I /  
' I  'I 
I 

I 1  
I 

00.0 , 
0 0,o 

000 
, 000 

m 
0 

0 
0 
0 
0 
0 u 
W 

s 
b- 
CY 
4 
I- 
m 
I 

W s 
I- 
U 

u 
UJ 
v) 

0. 
m 

cc,o o 
000 

IO 
.o 
iQ 
U 
ry 
1D 
m 
m 
I- 
w * 
I I 

e . .  

m m n  
000 
I l l  

U J N W  
NC-N 
l-d.0 

o m ~ u  
x r - m a  

I 
m m m  
000 
I l l  I 

I 1 ,  ' ! , 
, .  

I 

U nc\assi f ied 



CI I lzlassified 

, I '  8408-6027-RC-000 
Page 2 3  

I. 
, #  

I 

000 
000 

v I v \ v \  
010 0 

m 
0 

0 
0 
0 
0 
0 
0 
0 
9 . 
c 
n: 
a 
c 
v) 
I 

W 
r 
U 
c 

U 
u 
In 
OI 
A 

z 
ZL 

9 

Y 

4 

b: 
I 
4 

* 
tY 
4 
2 
b: 

W 
U. 

d 

m 

9 

W 
L. 
t 
w 

0 . 0  

I 

0 4 0 
000 

> 
A 
2 u 
v) 
v) 

x 
L 

I 
a u. 

U. 
w 
tl 
U 

v) 

v) 
> 
-I 
U z 

Y 

a 
Lu u z 
P 

3 
19 

a 
-I 

I 

e . .  al 

4 30 
0 L' 0 

A , t  1 t 
UJ 
0 

I 

I m o m  
000 

I l l  
r - r - m  

m r- N 
-4Ind . . .  

I 
I 

m m m '  

I l l  
( D O N  

0001 

0 4 4 r -  z q  
> m N m,: 

P - 0 . 0  
O P r n  
mP- 9' 

. e .  

m m m  
, 000 

I I ' I  



Unclassified 

m 
0 

0 
0 
0 
0 
0 
0 
N 
f- . 
c 
cz 
a 
c 
m 
I 

Lu 
2: 

c 
... 
V 
Lu 
v) 

or 
m 

2 

L: 
9 

-4 

rl 

a! 
I 
9 

* 
cz 
2 
cz 
W 
U 

a 

m 

d 

f- 

Lu 
I: ... 
c 

1 

000 
000; 

1 ,  
I 

000 
0 0,o 

I w e .  u 0 . D  

I Z  I '  
I 

m m m ,  u m m m  I 
000 3 000 1 

W C 0 . r  

I 
1 ;  
I I 

Inlnln 
000 

Page 24 



Unclassified 

Page 25 

I 

I 
000 
0 0,o 

I 
VIlln In 
000 

o o o  
000 

I 
u9aJ 

r - u o  M 
Ub'Ml c 

I . . I *  c. 

I 1 0  -4 0 
000 

i 
1 1 

i 
~ 

I 
, ,i 
,I 

1 

I 

I 

I 
I 
I 

,I I 
I 

./ 

i 

i 
1 

i 

i 

I 

1 
I 

Im m m 

I l l  
I9 Q 
N O W  
N a m  

OQ191c 
N O m N  
-09 
9 0 N  
d9-4 

I 

0 0 0  

. . I  

I ,m m m 
; I  I I 

m m c n  
+ ~ N S  

m o o r -  

000 

ru u a 
m + U  

o m m d  
d m N  
N N N  . . .  

X > N  
> > >  
11z 



Unclassified 
I 840816021- RC- 000 

Page 26 

I o o c  
o o c  000 

000 
VIVIVI 
000 

I 
'I 

n 
0 

0 
0 
0 
0 
0 
0 
9 
e . 
c 
CL 
U 
l- 
v) 

I 
UJ 
I 
c 
I 

V 
W 
v) 

P m 

Z 
L 
9 

u 

d 

ry 
I 

0 
d 

> 
ry 
4 
I> 
OI In 
uI 
LA 

d 

OI 

UJ 
I; 

c 
-4 

1 

1040 
lo00 

' 000 ~ 

000 

! 

m . 
0 
0 

0 
Q 
0 
.t 
Q 
VI 
Q 
,m 
I I  
I 

. . .  
1 1  

m m m  
000 
I l l  

-4 0 m 
* o m  
4.04 

O O N N  
> d N d  

m e 0  
m a a l  
VI r -uJ  . . .  
m n n  
000 
I l l  

m o m  
!AN9 
W 4 J Q  

o m o o r r  
x m o . 4  

r - * m  
art+ 
m s m  
I l l  
X 2 N  
> > >  
I X L  

. . .  



Unclassified -m 
8408-6027 -RC-000 

Page 27 

I '  
I 

V I V I V I  
000 

0 0 01' 000 
000 000 

I 

. , I  
O I  
01 
0. I 
0 
0 
0 

0 
0 

b 
Or-  
c m  
o m  
O m  
> N  
9 
ol . 
0 
0 

CP 
04 
I - N  
W-7 
OQ) 
% V I  

OI 
U . 

' 0  z 
l v  W 

m m m  m m m  VI _ .  
O O ?  I 1  111  

0001 VI 
I I I ,  u 

U 
IL1 
W 



f 

-PHM!km= 8408-6027-RC-000 

Page 28 

Unclassified 

TIME FROM TRANSLUNAR INJECTION, HR 

Figure 3.1-1. Translunar Flight - Closest  Approach 
Midc ours  e Sensitivities 
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TIME FROM TRANSLUNAR INJECTION, HR 

Figure 3 , l - 9 .  Translunar Flight - P a ~ 5 a l s  of 'he 2 Component of 
Midcourse Velocity with Reepecr. to the Injection 
Velocity Componen :e 
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